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METHOD FOR DETERMINING THE ACTUATOR ENERGY REQUIRED FOR THE 
DIFFERENT INJECTION TYPES OF AN ACTUATOR OF AN INTERNAL 

COMBUSTION ENGINE 

CROSS-REFERENCE TO RELATED APPLICATIONS 



International Application No. PCT/EP2004/053615 filed 
December 20, 2004, which designates the United States of 
America, and claims priority to German application number 
DE 10 2004 006 558.6 filed February 10, 2004, the contents of 
which are hereby incorporated by reference in their entirety. 

TECHNICAL FIELD 

[0002] The invention relates to a method for determining 

the actuator energy required for the different injection types 
of an actuator of an internal combustion engine. 

BACKGROUND 

[0003] Such a method is intended to enable differences in 

the injection quantity between the cylinders to be detected 
and adjusted if necessary. It is precisely in order to achieve 
small injection quantities, particularly of advance injection 
quantities in the region of a few milligrams, that determining 
the actuator energy is crucial for complying with exhaust 
emissions. When injectors are equalized by means of the 
actuator signal, stationary operating points lasting several 
seconds (3 to 4 seconds) must be observed, depending on the 
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injection pressure, to enable the actuator energy of the main 
injection to be determined. During active control, the time 
between the triggering of the injector and the actuator signal 
of all injectors is set to a value stored in the engine 
characteristics map. Since fairly large injection quantities 
are required for reliable evaluation of an actuator signal, 
only the main injection may be included in order to determine 
the actuator energy. This energy for the main injection is 
used as the basis for the energy for the advance injection and 
af ter-inj ection. 

[0 004] However, it has been found that the advance 
injection generates local variations in pressure in the 
incoming injector line. These local variations in pressure 
cannot be detected by the pressure gage in the rail, so that 
the pressure appears constant to the control system. These 
local pressure variations have a significant effect on the 
opening behavior of the injector and thus on all subsequent 
injections. The actuator signal of the main injection 
therefore displays a clear dependence on the separation angle 
between the advance injection and after- in j ection . If the main 
injection is effected with ''maximum pressure" , for example, 
the needle of this injector will be opened more quickly 
because of the locally higher pressure. As a result, the 
actuator signal is generated at an earlier point in time. This 
causes the control system to reduce the actuator energy for 
the corresponding injector in order to set the time between 
the start of the control and the generation of the actuator 
signal to the value set in the engine characteristics map. 
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Even if the energy setting for the main injection is correct, 
the advance injection depending on it still receives too 
little energy. 

SUMMARY 

[0005] The object of the invention is therefore to present 

a method that enables the actuator energy for advance 
injection and after- inject ion to be reliably determined. 

[0006] The object of the invention can be achieved by a 
method for determining the actuator energy required for 
different injection types of an actuator of an internal 
combustion engine, the method comprising the steps of applying 
a control signal to the actuator such that the control signal 
generates an actuator signal; and setting an injection 
parameter of the internal combustion engine such that the 
actuator signal is generated at a specific stored time, 
wherein a first injection type in a combustion cycle is 
deactivated in order to determine an actuator energy of the 
type from a second injection type. 

[0007] The first injection type can be reactivated in order 
to determine an actuator energy required for the second 
injection type. A last injection type can be an advance 
injection and the second injection type can be a main 
injection. The internal combustion engine can be in a 
stationary operating state. An injection pressure of the 
injectors can be changed after each control process. The main 
injection can be changed in order to generate the actuator 
signal. The control signal can be applied to one injector at 
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a first point in time, and the actuator signal can be 
generated at a second point in time after a specific time. In 
an internal combustion engine with several injectors, the 
difference in two points in time of one injector can be the 
same as the respective difference between two points in time 
of another injector. At least one of the following variables 
can be selected as an injection parameter: loading time of the 
control signal, amplitude of the control signal, control 
duration and actuator energy. 

[0008] In the inventive method for determining the actuator 

energy required for the different injection types of an 
actuator of an internal combustion engine, a control signal is 
applied to the actuator such that said control signal 
generates an actuator signal, and an injection parameter of 
the internal combustion engine is set such that said actuator 
signal is generated at a specific stored time. The first 
injection type in the combustion cycle is first deactivated in 
order to determine the actuator energy of said type from the 
second injection type. This is particularly advantageous since 
the local pressure variations generated by the first injection 
type are eliminated. A number of injections are carried out in 
the combustion cycle of an internal combustion engine, 
particularly in common rail diesel engines. In order to reduce 
exhaust emissions and noise emissions, an advance injection is 
first carried out which triggers the combustion by a small 
injection quantity. The remaining diesel quantity is then 
added to the process during the main injection. 
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[0009] It has been found to be particularly advantageous 

for the first injection type to be reactivated after its 
actuator energy has been specified. The actuator energy 
necessary for the second injection type can then be specified. 
The local pressure variations triggered by the first injection 
type cause the needles of the different injectors to open at 
different speeds and therefore to require different amounts of 
actuator energy. 

[0010] It has been found to be highly advantageous for the 

control signal at the first point in time (start of injection) 
to be applied to one injector and for the actuator signal then 
to be generated after a certain time at a second point in 
time. Thus in an internal combustion engine with several 
injectors, the difference between the two points in time 

(start of injection and actuator signal) for one injector is 
the same as the corresponding difference in the two points in 
time for a different injector. These measures enable all 
injectors to be equalized, i.e. for the injectors to inject 
the same quantity of fuel for each injection type. 

[0011] Other advantageous embodiments of the invention are 
specified in the remaining dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention is explained below by way of example 

with reference to the schematic diagrams, in which 

[0013] Figure 1 is a flow chart showing the respective 
actuator energy levels in the individual injection types, 
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[0014] 



Figure 2A shows the chronological sequence of the 



control signal , 



[0015] Figure 2B shows the chronological sequence of the 
local pressure variation in the incoming injector line, 



[0016] 



Figure 2C shows the chronological sequence of the 



needle stroke . 



DETAILED DESCRIPTION 



[0017] 



During the start, in stage 1 the function is 



initialized in the control device of the internal combustion 
engine. Stored adjustment values are loaded at this stage. 
After the initialization has been completed, in stage 2 the 
system waits until the preferred operating conditions are 
reached. For further control it is necessary for the internal 
combustion engine to be at a stationary operating point. This 
means, for example, that the load, the engine speed and the 
cooling water temperature are constant. Once the activation 
conditions are met, the control is activated in stage 3. In 
stage 4, the injection parameters i are set. These include the 
corresponding injection pressure and the corresponding 
injection time of a corresponding injector. Once the record is 
set, in stage 5 the advance injection is initiated for 
selected cylinders, whereby the control energy of the main 
injection is changed so as to eliminate the manufacturing 
tolerances in the injectors. The actuator energy required for 
the advance injection is determined for the respective 
injector. After this control, the advance injection is 
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identical for each injector. This description will now 
concentrate on Figure 2 in further detail. After this control, 
in stage 6 the advance injection is reactivated to enable the 
control energy to be determined for the main injection (stage 
7) . The control parameters are stored for the relevant 
injection parameters as record i. If the actuator energy 
levels or the control parameters have been determined for the 
different operating points of the internal combustion engine, 
then the adjustment is completed in stage 8. 

[0018] Figure 2 shows, on the basis of an injector, the 

processes with regard to errors that may occur in the event of 
local pressure variations. The time axes in Figures 2A to 2C 
are identical . 

[0019] Figure 2A shows the control signal of the actuators. 

A first control signal, which triggers an advance injection, 
is applied between the points in time ti, t 2 . From time t 3 to 
time t 6 , a second control signal is applied to the actuator. 
This control signal triggers the main injection. 
Alternatively, a further control signal, which has a greater 
separation angle than the second control signal, may be 
applied from t' 3 to t' 6 . The separation angle between advance 
injection and main injection is formed by the time difference 
between t 3 (or t' 3 ) and t 2 . For greater clarity the two control 
signals of the main injection have been mapped one over the 
other. The two main injections have the same amplitude, 
however. As already mentioned above, the advance injection 
generates a local pressure variation, which is shown in Figure 
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2B. At the start of the advance injection, the local pressure 
is temporarily reduced at time ti . 



at time t 3 . As may be seen in Figure 2B, in this case a maximum 
pressure pi (of approx. 1050 bar) is applied. This increased 
pressure causes the needle of the injector to open more 
quickly. The corresponding needle elevation signal is shown in 
Figure 2C as curve ni . After a brief hydraulic delay, the 
needle starts to rise. At time t 4 the needle has reached its 
maximum elevation h max . The voltage Ui of the control signal 10 
then falls to the voltage U 2 . This actuator signal Si is 
generated too early, and the control system interprets this as 
a manufacturing tolerance. This means that this injector needs 
less energy to lift the needle than is actually required. 
Because of this control, the advance injection receives a 
control signal that generates the insufficient needle 
elevation hi (see Figure 2C) . 

[0022] Case 2: The control of the main injection 11 starts 
at time t' 3 . At this point in time, a local minimum pressure of 
p 2 (approx. 950 bar) is applied. In this case the needle of the 
injector opens more slowly than in the above example. This may 
be seen in Figure 2C, since the gradient in the needle 
elevation n 2 is flatter than that of rii. After a brief 
hydraulic delay, the needle is opened to its maximum extent at 
t' 4 . The actuator signal S 2 is generated at this time t' 2 . 
Since the difference between the time t ! 4 and t 3 is greater 



[0020] 



The two extreme cases are described below. 



[0021] 



Case 1: The control of the main injection 10 starts 



AUS0 1:404 108.1 



ATTORNEY DOCKET NO. 
071308 . 0681 
2004P00139WOUS 



PATENT APPLICATION 



INTERNATIONAL PHASE SUBMISSION 

SUBSTITUTE SPECIFICATION 
CLEAN VERSION 

9 

than the difference between t 4 and t 3 , the control system 
interprets that this injector requires more energy to lift the 
needle. Because of this control, a control signal is generated 
for the advance injection, causing the needle elevation h 2 . 
This injector does not, however, require a needle elevation of 
hi or h 2 , but an ideal needle elevation of h ide ai/ as shown in 
Figure 2C. The ideal control signal for the advance injection 
is thus determined, whereby the control signal for the advance 
injection is deactivated so that no local pressure variations 
are generated. In this example, the "normal" pressure is 1000 
bar . 

[0023] Figure 2 shows the strong dependency of the 

separation angle between advance injection and main injection, 
that can be avoided with the inventive method. The method for 
separately determining the actuator energy for the advance 
injection and main injection enables injection quantity 
variations, which are caused by local pressure variations in 
the system, to be almost completely compensated for. 
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